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1. INTRODUCTION

This North Pacific tropical cyclone climatology was compiled

at the suggestion of the Environmental Group, U.S. Pacific

Command. The climatology is designed to serve as an updated

forecast reference for Joint Typhoon Warning Center (JTWC)

forecasters, a planning aid to assist fleet scheduling personnel,

a decision-making aid for U.S. Pacific commanding officers, and a

source of general climatic knowledge about tropical cyclones in

the North Pacific basin.

No attempt has been made here to produce a general tropical

climatology. All statistics provided are those related solely

and directly to tropical cyclone tracks. The information is

presented in four types of charts: mean paths, actual tracks,

constancy and relative frequency, and speed of movement.

S Guidance on chart usage is given in para. 3 and a key to charts

sequencing is given in para. 4. Data sources and compilation

procedures are described in para. 2.

2. DATA

2.1 Data Sources

The data used to develop this climatology were obtained from

two sources. For the period of 1959-87 in the western North

Pacific, the data were extracted from the JTWC Tropical Cyclone

Data Base maintained at the Fleet Numerical Oceanography Center,

Monterey, CA. The latitude, longitude, and intensity (maximum

surface wind speed) for each tropical cyclone are given at 6-hour
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Intervals. These positions represent a tropical cyclone's best

track, which is a subjectively-smoothed path determined in the

post-storm analysis.

For the western North Pacific (1945-1958) and eastern North

Pacific (1949-1982), the data were taken from the Consolidated

World-Wide Tropical Cyclone Data Base, National Climatic Data

Center, Asheville, NC. These data, given at 12-hour intervals,

were interpolated to 6-hourly positions before they were used

in the analyses and calculations. The interpolation was

accomplished by the Akima method.*

(It should be noted that the placing in service of the first

meteorological satellite in 1960 greatly enhanced meteorologists'

abilities to locate and track tropical cyclones in data-sparse

areas. This improvement applies more to the eastern Pacific

than to the western Pacific, however, because there was much

more storm reporting from increased ship traffic and aircraft

reconnaissance in the western region after World War II.)

2.2 Tropical Cyclone Intensities

Tropical cyclones that failed to attain at least tropical

storm intensity (maximum surface wind speed greater than 33 kt)

were not considered for this study. Because intensities were not

given for tropical cyclones occurring before 1973 in the eastern

North Pacific basin, all tropical cyclones prior to 1973 were

considered in this study.

*Akima, H., 1970: "A New Method of Interpolation and Smooth

Curve Fitting Based on Local Procedures," J. Assoc. ComR. Mach.,
17. 589-602.
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2.3 Background

Table 1 gives background information on the tropical

cyclones ( > 33 kt) from the two basins. The subjective path

classification of straight, recurver, or "other" was made for

both basins. A straight tropical cyclone is one whose general

direction of movement remained constant throughout its life

with a heading between 2500 and 3600. A recurver is defined

as a tropical cyclone that turned from its initial westward or

northwestward path to a path toward the north or northeast. A

tropical cyclone that did not fit into either the straight or

recurver categories is classified as "other."

Note that some of the tracks may appear to have been

incorrectly classified. This generally was due to considerations

of storm intensity during the time in question. For example, an

erratic track during the formative or dissipative stages of a

tropical cyclone does not automatically classify that tropical

cyclone as "other."

Intensity statistics were based only on tropical cyclones

whose intensities were known.

3. CHARTS

3.1 Timeframe

The tropical cyclone occurrences were divided into 24 half-

month periods, with each period centered on either the ist or

16th day of the month. A period thus will begin approximately a

week before the Ist or 16th, and end approximately a week after
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the 1st or 16th, as, for example, in the sequence of periods Dec

24-Jan 8, Jan 9-Jan 23, Jan 24-Feb 8. Any tropical cyclone,

however, that occurred within 15 days of either side of the 1st

or 16th day, also was included in the period. Tropical cyclones

were classified into periods according to their starting dates.

Each tropical cyclone belongs to two periods, and in some cases

three. The starting date was chosen for classification purposes

because, in operational fact, a storm's start date is always

known. Thus, there would be no confusion as to which climatolo-

gical period should be used. The overlapping of periods also

avoids confusion about tropical cyclones whose starting dates

were near the beginning or end of calendar months.

Table 1. Summary of western and eastern North Pacific
Tropical Cyclones

Western Eastern
(1945-1987) (1949-1982)

Avg. No. Of Tropical
Cyclones (> 33 kts) 25.37/year 12.00/year

Avg. Life Avg. Life
Type: No. Percent (Days) No. Percent (Days)

Straight 397 36.4 5.77 286 70.1 4.58
Recurver 464 42.5 7.37 62 15.2 5.74
Other 230 21.1 6.71 60 1.4.7 5.47

Total 1091 100.0 6.65 408 100.0 4.89

Tropical Storms 355 32.6 4.42 65 43.6 3.85
Typhoons/Hurricanes 572 52.5 7.29 83 55.7 6.99
Super Typhoons/ 162 14.9 9.32 1 .7 11.50

Hurricanes
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3.2 Chart Types

Four types of charts are provided for each period: mean

paths, actual tracks, constancy and frequency, and average speed

of movement. Certain periods may not be statistically signifi-

cant if less than 5% of the total number of tropical cyclones in

the entire data base occurred in these periods.

.1  Mean Paths. These charts shov the paths most often

folloved by tropical cyclones in the period. The numbers on

the paths represent the percentage of tropical cyclones for the

period that folloved the indicatcd paths. Paths that contained

less than 5% of the tropical cyclones for the period vere not

analyzed. These charts also contain statistics similar to those

in Table 1, but only for the applicable period. For a period in

vhich 10 tropical cyclones or fever occurred, a blank Mean Paths

chart containing only the statistics is supplied.

NOTE: When one path branches off into multiple paths, the sum

of the percentages on the branches does not necessarily equal the

percentage indicated on the parent path. This is due to the fact

that not all tropical cyclones follow a mean path, and some

develop/dissipate along a path.

Also included on these charts is a dashed line representing

the mean recurvature position of recurving tropical cyclones.

This line vas objectively determined by evaluating the mean

recurvature position in 50 longitude bands. If a band contained

fever than five recurvature positions, it was not included in

5



the analysis. Thus, there are no mean recurvature lines for the

entire eastern North Pacific basin due to the low number of

recurving tropical cyclones.

3.2.2 Actual Tracks. The best track data are plotted on these

charts at six-hour intervals. A dot represents the position of

the tropical cyclone when it was first considered to have

attained at least tropical depression intensity. The typhoon

symbol marks the last position of the tropical cyclone before

it became extra-tropical or dissipated. There are nine actual

track charts for each period (see para. 4).

32.3 onstancy an Freauency. Two numbers were computed and

plotted for each 50 square on these charts:

Constancy. The top number is constancy, which is defined as

the 12-hr average vector speed of the tropical cyclone divided by

the 12-hr average scalar speed multiplied by 100. Both numerator

and denominator were computed using all tropical cyclones in the

square before the division was performed. Thus, constancy is a

measure of confidence in direction persistence. A high constancy

rate (90 to 100) means that there is a high likelihood that a

tropical cyclone will continue in the same general direction for

the next 12 hours. As the constancy decreases, confidence

decreases that a tropical cyclone will remain on course.

Freauency. The bottom number is the relative frequency of

tropical cyclones passing through the square per year for the

time period. A value of 0.25 therefore implies that on the

average, a tropical cyclone will pass through the square once

every four years for that particular period. The frequency can
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also be considered as a measure of confidence in the constancy

value. For example, a square may have a constancy value of 95,

but since the relative frequency is only 0.10, the future 12-hr

movement of a tropical cyclone in this square is in doubt.

3.2.4 Average Speed of Movement. Isopleths are drawn on these

charts to show the mean scalar movement speed of the tropical

cyclone in knots. Each tropical cyclone was interpolated to

hourly positions using the Akima method. Speeds were averaged

for each 5 square (5 latitude x 5 longitude). Those squares

that contained 5% or less of the tropical cyclones in the period

were not considered in the analysis. The charts also list the

average speed and sample size in each square. Note that some of

the squares contain unrealistic speed values (e.g., Nov 9 - Nov

23 at 450 N in the western North racific). This is due to a few

tropical cyclones whose tracks could not be verified.

4. KEY TO CHARTS SEQUENCE

Charts are grouped by ocean region: those page-numbered W-1,

W-2, W-3 ... are for the western North Pacific; and those page-

numbered E-1, E-2, E-3 ... are for the eastern North Pacific.

Within each region, charts are grouped in half-month

periods, a total of 24 periods. The periods center on the 1st

and 16th days of the month -- thus, for example, periods will

begin approximately a week before the 1st or 16th, and end

approximately a week after the 1st or 16th: [Dec 24-Jan 81 (Jan

9-Jan 233 [Jan 24-Feb 8] [Feb 9-Feb 23], etc.

7



Within each half-month period, the following charts are

provided in sequence:

1. Mean Paths

Actual Tracks for

2. Straight - south of 15°N

3. Straight - north of 15°N

4. Straight - all tropical cyclones (in this period)

5. Recurving - south of 150N

6. Recurving - north of 150N

7. Recurving - all tropical cyclones (in this period)

8. Other (neither clearly straight nor clearly recurving)

- south of 15 N

9. Other - north of 150N

10. Other - all tropical cyclones (in this period)

11. Constancy and Relative Frequency

12. Speed of Movement

Note: In those fey periods vhen no tropical cyclones occurred,

only one chart, with this fact of non-occurrence noted on it, is

provided.
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FFO SAN FRANCISCO 96622-1600 FPO SAN FRANCISCO 96626-1645

AVIATION SUP. DEPT. OFFICER OFFICER IN CHARGE COMMANDING GE2ERAL
NSFA, DET. CHRISTCHURCH ANTARCTIC DEV SQON 6-VXE-6 MARINE AMPHIBIOUS FORCE FMF
ANTARCTIC DEV. SQDN 6-VXE-6 DET. MCMURDO ATTN: NSAP SCI. ADV.
FFO SAN FRANCISCO 96690 C/O DET. CHRISTCHURCH CAMP PENDLETON, CA 92055

FPO SAN FRANCISCO 96690-6520

COMMANDING GENERAL WEATHER SERVICE OFFICER USCINCPAC
IST MARINE AIRCRAFT WING MWSS 173, MAG 24 FMF BOX 28
FPO SAN FRANCISCO 96603 1ST MAB, FMF CAMP SMITH, HI 96861-5025

MARINE CORPS AIR STATION
KANEOHE, HI 96863-6012

USCINCPAC COMMANDER COMMANDER
BOX 13 US NAVAL FORCES CENTRAL Com. U.S. NAVAL FORCES, PHILIPPINES
STAFF CINCPAC J37 PEARL HARBOR, HI 96860 BOX 30/N3
CAMP SMITH, HI 96861 FFO SAN FRANCISCO 96651-0051

ASST. FOR ENV. SCIENCES CHIEF OF NAVAL RESEARCH (2) OFFICE OF NAVAL RESEARCH
ASST. SEC. OF THE NAVY (R&D) LIBRARY SERVICES, CODE 784 ENV. SCI. PROGRAM, CODE 112
ROOM 5E731, THE PENTAGON BALLSTON TOWER #i ARLINGTON, VA 22217-5000
WASHINGTON, DC 20350 800 QUINCY ST.

ARLINGTON, VA 22217-5000
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0 OFFICE OF NAVAL RESEARCH OFFICE OF NAVAL RESEARCH OJCS/J3/ESD
ATTN: HEAD, OCEAN SCIENCES DIV CODE 1122 MM, MARINE METEO. THE PENTAGON, ROOM 2B889DCODE 1122 ARLINGTON, VA 22217-5000 WASHINGTON, DC 20318-3000
ARLINGTON, VA 22217-5000

OFFICER IN CHARGE OFFICER IN CHARGE OFFICER IN CHARGE
NAVOCEANCOMDET NAVOCEANOOMDET NAVOCEANCCMDETBOX 81, USNAS FEDERAL BLD,. U.S. NAVAL AIR FACILITYFPO SAN FRANCISCO 96637-2900 ASHEVILLE, NC 28801-2696 FPO SEATTLE 98767-2903

OFFICER IN ChARGE OFFICER IN CHARGE OFFICER IN CHARGE
NAVOCEANCOMDET NA'VOCEANCOMDET NA'VCEANCOMDETNAVAL AIR STATION NAVAL AIR STATION MONTEREY, CA 93943-5004
BARBERS PT., HI 96862-5750 LONG BEACH, CA 90822-5072

OFFICER IN CHARGE OFFICER IN CHARGE OFFICER IN CHARGE
U.S. NAVOCEANCOMDET NAVOCEANCCt4DET NAVOCEANCOMDETAPO SAN FRANCISCO 96519-5000 NAVAL AIR STATION AFGWC

MOFFETT FIELD, CA 94035 OFFUTT AFB, NE 68113

OFFICER IN CHARGE OFFICER IN CHARGE COMMANDING OFFICERNAVOCEAt4(CMDET U.S. NAVOCEANCOMDET NAVAL RESEARCH LABNAVAL AIR STATION FLEET ACTIVITIES ATTN: LIBRARY, CODE 2620SAN DIEGO, CA 92145-5851 FPO SEATTLE 98770-0051 WASHINGTON, DC 20390

OFFICE OF NAVAL RESEARCH COMANDING OFFICER COMMANDER
SCRIPPS INSTITUTION OF FLEET INTELLIGENCE CENTER OCEANOAPHIC SYSTEMS PACIFICOCEANOGRAPHY (PACIFIC) BOX 1390LA JOLLA, CA 92037 PEARL HARBOR, HI 96860 PEARL HARBOR, HI 96860

CCMANDER COMNAVOCEANCOM COMMANDING OFFICERNAVAL OCEANOGRAPHY COMMAND ATTN: CODE N5 NAVAL OCEANOGRAPHIC OFFICESTENNIS SPACE CENTER J.C. STENNIS SPACE CENTER BAY ST. LOUIS
JCSSC, MS 39529 JCSSC, MS 39529-5000 JCSSC, MS 39522-5001

COMMANDING OFFICER (3) COMMANDING OFFICER (2) COMMANDING OFFICER (3)FLENUMOCEANCEN NAVWESTOCEANrFN U.S. NAVOCEANCOMCENMONTEREY, CA 93943-5005 BOX 113 BOX 12, COMNAVMARIANAS
PEARL HARBOR, HI 96860 FPO SAN FRANCISCO 96630-2926
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COMMANDING OFFICER (2) COMMANDING OFFICER OMMANDING OFFICER
NAVOCEANCCMFAC U.S. NAVOCEANCOM.FAC NAVOCEANCOMFAC
NAS, NORTH ISLAND FPO SEATTLE 98762-3500 J.C. STENNIS SPACE CETER
SAN DIEGO, CA 92135 JCSSC, MS 39529-5002

COMMANDING OFFICEF (2) SUPERINTENDEN4T CHAIRMAN
U.S. NAVOCEANCOMFAC LIBRARY REPORTS OCEANOGRAPHY DEPT.

BOX 63, NAS (CUBI PT) U.S. NAVAL ACADEMY U.S. NAVAL ACADEMY
FPO SAN FRANCISCO 96654-2909 ANNAPOLIS, MD 21402 ANNAPOLIS, MD 21402

DIRECTOR OF RESEARCH SJPERINTENDENT NAVAL POSTGRADUATE SCHOOL
U.S. NAVAL ACADE2MY NAVPGSCOL METEOROLOGY DEPT.
ANNAPOLIS, MD 2_402 MONTEREY, CA 93943-5000 MON EREY, CA 93943-5000

NA VAL POSTGRADUATE SCHOOL LIBRARY COMMANDER
OCEANOGRAPHY DEPT. NAVAL POSTGRADUATE SCHOOL SPAWARSYSCOM, CODE 321
MONTEREY, CA 93943-5000 MONTEREY, CA 93943-5002 NAT. CTR. #1

WASHINGTON, DC 20363-5100

COMMANDER, SPAWARSYSCOM COMMANDER, SPAWARSYSCOM COMMANDER
ATTN: CODE PMW 141-BI ATTN: CODE 141 NAVOCEANSYSCEN
WASHINGTON, DC 2036L-5100 NAT. CTR. #1 SAN DIEGO, CA 92152-5000

WASHINGTON, DC 20363-5100

COMMANDER COMMANDING OFFICER COMMANDING OFFICER
PACMISTESTCEN NAVAL AMPHIB. SCHOOL, CORONADO WEATHER SERVICE OFFICE
GEOPHYSICS OFFICER SAN DIEGO, CA 92155 U.S. MCAS (HELICOPTER)
PT. MUGU, CA 93'42 FPO SEATTLE 98772

COMMANDING OFFICER COMMANDING OFFICER COMMANDER
WEATHER SERVICE OFFICE WEATHER SERVICE OFFICE AWS/DNXS
U.S. MCAS (IWAKUNI) MCAS SCOTT AFB, IL 62225
FPO SEATTLE 98764 KANEOHE BAY, HI 96863

USAFETAC/TS (8) 3350TH TECH. TRNG GROUP AFlGiC/DAPL
SCOTT AFB, IL 62225 TTGU/2/STOP 623 OFFUTT AFB, NE 68113

CHANUTE AFB, IL 61868
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3 WW/DN AFGL/LY AFGL/OPI

OFFUTT AFB, NE 68113 HANSCOM AFB, MA 01731 HANSCOM AFB, MA 01731

5WW/DN OFFICE OF STAFF METEOROLOGY OFFICER IN CHARGE

LANGLEY AFB, VA 23665 WESTERN SPACE & MISSILE SERVICE SCHOOL COMMAND
CENTER (WE) DET. aHANTE/STOP 62

VANDENBERG AFB, CA 93437 CHANUTE AFB, IL 61868

HQ 1ST WEATHFR WING/DN (4) 20 WS/DON (2) DET 5, 20 WS
HICKAM AFB, HI 96853 APO SAN FRANCISCO 96328-5000 APO SAN FRANCISCO 96274

DET. 8, 20 WS DET 17, 20 WS/DO (2) DET 18, 30 WS

APO SAN FRANCISCO 96239 APO SAN FRANCISCO 96328 APO SAN FRANCISCO 96301

HQ. 30TH WS/DNT (2) DET. 4, 20 WS DET. 2, lWW/CC
APO SAN FRANCISCO 96301 HICKAM AFB, nI 96853 APO SF 96334

DIRECTOR (12) DIRECTOR, ENV. & LIFE SCI. CENTRAL INTELLIGENCE AGENCY

DEFENSE TECH. INFORMATION OFFICE OF UNDERSECRETARY OF ATTN: OCR STANDARD DIST.
CENTER, CAMERON STATION DEFENSE FOR RSCH & ENG E&LS WASHINGTON, DC 20505

ALEXANDRIA, VA 22314 RM. 3D129, THE PENTAGON
WASHINGTON, DC 20505

DIRECTOR, TECH. INFORMATION COMMANDANT COMMANDING OFFICER
DEFENSE ADV. RSCH PROJECTS DEFENSE LOGISTICS STUDIES USCGC GLACIER (WAGB-4)
1400 WILSON BLVD. INFORMATION EXCHANGE FPO SAN FRANCISCO 96601
ARLINGTON, VA 22209 ARMY LOGISTICS MANAGEMENT

CENTER
FORT LEE, VA 23801

COMMANDER DIRECTOR FE)ERAL COORD. FOR METECORO.
U.S. COAST GUARD NATIONAL METEORO. CENTER SERVS. & SUP. RSCH. (OFCM)
MARIANAS SECTION, BOX 176 NWS, NOAA 11426 ROCKVILLE PIKE
FPO SAN FRANCISCO 96630 WWB W32, RM 204 SUITE 300

WASHINGTON, DC 20233 ROCKVILLE, MD 20852
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DIRECTOR NATIONAL CLIMATIC CENTER CHIEF, SCIENTIFIC SERVICES
NATIONAL HURRICANE CENTER ATTN: L. PRESTON D542X2 NWS/NOAA, WESTERN REGION
NOAA, GABLES ONE TOWER FEDERAL BLDG. - LIBRARY P.O. BOX 11188,
1320 S. DIXIE HWY ASHEVILLE, NC 28801 FEDERAL BLDG.
CORAL GABLES, FL 33146 SALT LAKE CITY, UT 84111

CHIEF, SCIENTIFIC SVCS. (2) NWS FORECAST OFFICE METEOROLOGIST IN CHARGE
NWS, PACIFIC REGION 660 PRICE AVE. WEA. SERV. FCST. OFFICE, NOAA
P.O. BOX 50027 REDWOOD CITY, CA 94063 HONOLULU INTL. AIRPORT
HONOLULU, HI 96850 HONOLULU, HI 96819

DIRECTOR, CENTRAL PACIFIC CHIEF, INTERNATIONAL AFFAIRS LIBRARY ACQUISITIONS
HURRICANE CENTER NWS, NOAA NATIONAL WEATHER SERVICE NCAR, P.O BOX 3000

HONOLULU, HI 96819 8060 13TH STREET BOULDER, CO 80307
SILVER SPRING, MD 20910

DIRECTOR LABORATORY FOR ATMOS. SCI. COLORADO STATE UNIVERSITY
FEDERAL EMERGENCY MANAGE2ENT NASA GODDARD SPACE FLIGHT CEN. ATMOSPHERIC SCIENCES DEPT.
AGENCY (FEMA) GREENBELT, MD 20771 ATTN: DR. WILLIAM GRAY
WASHINGTON, DC 20472 FORT COLLINS, CO 80523

SCRIPPS INSTI'JTION OF UNIVERSITY OF HAWAII OCEAN DATA SYSTEMS, INC.
OCEANOGRAPHY, LIBRARY METEOROLOGY DEPT. 2460 GARDEN ROAD

DOCUMENTS/REPORTS SECTION 2525 CORREA ROAD MONTEREY, CA 93940
LA JOLLA, CA 92037 HONOLULU, HI 96822

METEORULOGY RESEARCH, INC. SCIENCE APPLICATIONS ST SYSTEMS CORP (STX)
P.O. BOX 22920 INTERNATIONAL CORP. (SAIC) 1900 GARDEN RD., SUITE 130
CARMEL, CA 93922 205 MONTECITO AVE. MONTEREY, CA 93940

MONTEREY, CA 93940

DIRECTOR, JTWC BUREAU OF METEOROLOGY LIBRARY, AUSTRALIAN NUMERICAL
BOX 17 BOX 1289K, GPO METEOROLOGY RESEARCH CENTER
FPO SAN FRANCISCO 96630 MELBOURNE, VIC, 3001 P.O. BOX 5089A

AUSTRALIA MELBOURNE, VICTORIA, 3001
AUSTRALIA

COMCRUDESGRU 1 COMCRUDESGRU 3 COMCRUDESGRU 5
ATTN: STAFF OCEANOGRAPHER ATTN: STAFF OCEANOGRAPHER ATTN: STAFF OCEANOGRAPHER
FPO SAN FRANCISCO 96601-4700 FPO SAN FRANCISCO 96601-4702 FPO SAN FRANCISCO 96601-4703
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. COMMANDER COMSUBGRU 7 OMANDER
ASWFORPACFLT ATTN: STAFF OCEANOGRAPHER PATWINGSPAC

ATTN: STAFF OCEANOGRAPHER BOX 50 AT'N: STAFF OCEANOGRAPHER

PEARL HARBOR, HI 96860-7005 FPO SAN FRANCISCO 98762-0061 MOFFETT NAS, CA 94035-5003

ASW/DNT (2) AFGWC/WF (2) DET 1, 1 WW (5)

SCOTT AFB, IL 62225-5008 OFFUTT AFB, NE 68113- BOX 17
FPO SAN FRANCISCO 96630-2926

7 WW/DO (2) PACAF/DOW (2) DET 15, 30 WS (2)

SCOTT AFB, IL 62225-5000 HICKAM AFB, HI 96853-5001 APO SAN FRANCISCO 96570-5000

4 WW/DO DET 7, 20 WS DET 13, 20 WS

PETERSON AFB, CO 80914-5000 SCHOFIELD BKS, HI 96857-5000 APO SAN FRANCISCO 96519-5000

CDRWESTCOM/APIN-WE DIRECTOR, ROYAL OBSERVATORY DIRECTOR

FT. SHAFTER, HI 96858-5200 NATHAN ROAD, KOWLOON METEORO. & GEOPHY. SERV.
HONG KONG, B.C.C. DJALAN ARIEF RACHMAN HAKIM 3

DJAKARTA, INDONESIA

MARITIME METEOROLOGY DIV. DIRECTOR GENERAL DIRECTOR, TYPHOON MODERATION

JAPAN METEOROLOGICAL AGENCY MALAYSIAN METEORO. SERV. RSCH & DEVEL. OFFICE, PAGASA

OTE-MACHI 1-3-4 CHIYODA-KU JALAN SULTAN, PETALING JAYA MINISTRY OF NATIONAL DEFENSE

TOKYO, JAPAN SELANGOR, WEST MALAYSIA 1424 QUEZON AVE.
QUEZON CITY, PHILIPPINES

COORDINATOR, NATIONAL ATMOS. CENTRAL WX BUREAU

RESEARCH PROGRAM 64, KUNG YUAN RD.
INSTITUTE OF PHYSICS TAIPEI, TAIWAN 100
ACADEMIA SINICA

TAIPEI, TAIWAN
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